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, - l r  V i s i b i l i t y  of l u n a r  s u r f a c e  f e a t u r e s  d u r i n g  a LM 

g e n e r a l l y  iiaproved by employing a s t e e p  d e s c e n t  t r a j e c t o r y  
r a t h e r  t h a n  t h e  p r e s e n t  sha l low approach.  Two c h a r a c t e r i s -  
t i c s  of t h e  s t e e p  d e s c e n t  t r a j e c t o r y ,  i t s  r e l a t i v e l y  s t e e p  
( . ~ 4 5 ' )  look a n g l e  and i t s  sma l l  ( % l o o )  p i t c h  a n g l e ,  are  
p r i n c i p a l l y  r e s p o n s i b l e  f o r  t h e  improvement. The more n e a r l y  
v e r t i c a l  look a n g l e  of t h e  s t e e p  d e s c e n t  i m p l i e s  a much g r e a t e r  
s e p a r a t i o n  between t h e  l i n e  of  s i g h t  and t h e  sun  and hence  a 
lower l e v e l  of g l a r e  than  i n  t h e  sha l low d e s c e n t .  The s m a l l  
p i t c h  a n g l e  d e c r e a s e s  t h e  range of forward sun  e l e v a t i o n s  i n  
which s u n l i g h t  can  s t r i k e  the commander's e y e s  d i r e c t l y  t o  
ciazzle him o r  be i n d i r e c t l y  s c a t t e r e d  i n t o  h i s  e y e s  by contami- 
n a t i o n  on h i s  window. 

\.C d e s c e n t  a f f e c t e d  by g l a r e ,  as i n  t h e  l u n a r  a f t e r n o o n ,  i s  

An a n a l y s i s  of t h e  e f f e c t  of s c a t t e r e d  l i g h t  on  s c e n e  
c o n t r a s t  shows t h a t  t h e  s t e e p  d e s c e n t  is  solile twenty- fo ld  less 
s e n s i t i v e  t o  t h i s  g l a r e  sou rce  t h a n  i s  t h e  sha l low d e s c e n t .  
Apollo 9 and 1 0  m i s s i o n  e x p e r i e n c e  i n d i c a t e s  t h a t  s c a t t e r  g l a r e  
may be  much less s e v e r e  than  p r e v i o u s l y  b e l i e v e d .  iiowever, 
even  i f  t h e  s c a t t e r i n g  level  i s  very h i g h  and s u n l i g h t  d i r e c t l y  
s t r i k e s  t h e  commander's eyes ,  s cene  c o n t r a s t  i n  t h e  s t e e p  d e s c e n t  
i s  a c c e p t a b l e  a t  a l l  forward sun  e l e v a t i o n s  between 7' and 57'. 
T h i s  i s  a much wider  range  of sun e l e v a t i o n s  t h a n  t h a t  a f f o r d e d  

t h e  s t e e p  d e s c e n t  ove r  t h e  sha l low d e s c e n t  d e c l i n e s  w i t h  i n -  
c r e a s i n g  sun  e l e v a t i o n  and d e c r e a s i n g  g l a r e ,  t h e  sha l low d e s c e n t  
may be p r e f e r r e d  where t h e  sun i s  h igh  ( . ~ 6 0 ' )  o r  g l a r e  i s  a b s e n t ,  
b u t  even under  t h e s e  c o n d i t i o n s  t h e  advantage of t h e  s h a l l o w  
d e s c e n t  i s  n o t  g r e a t .  

by t l l e  sha l low descent t r a j e c t e r y .  u L A A - . -  C i  n c o  t h o  u u r . - - ~ ~ - A b I  ciinnri ni-1 ti? of 

S o l a r  d a z z l e ,  t h e  second component o f  g l a r e ,  can 
t h e o r e t i c a l l y  degrade  v i s i b i l i t y  t o  a much greater e x t e n t  t han  ' 
w i l l  t h e  expec ted  amount of  sca t te r  glare.  I n  an a c t u a l  l and ing  
mis s ion ,  horqever, d a z z l e  should  n o t  be a f a c t o r  because  s e v e r a l  
methocis e x i s t  t o  b lock  or reduce i t .  n 7 0  o f  t h e s e ,  t h e  a d d i t i o n  
of an e x t e r n a l l y  mounted sunshade and the c h o i c e  of an approach 
az imuth  30' o r  more t o  t h e  l e f t  of  t h e  sun  v e c t o r ,  are e s p e c i a l l y  
p r e f e r r e d  s i n c e  they  suppres s  a l l  g l a r e  e f f e c t s .  A s  h a s  long 
been  known, a f t e r n o o n  s c e n e  c o n t r a s t  l e v e l s  w i t h  a l l  g l a r e  
b locked  from t h e  c a b i n  are comparable t o  dawn l and ing  l eve l s ,  
and good v i s i b i l i t y  e x t e n d s  ove r  a much wide r  band of sun  
e l e v a t i o n s  i n  t h e  l u n a r  a f t e r n o o n  due t o  t h e  absence  o f  photo- 
me t r i c  washout from t h e  f i e l c  of v i e w .  
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I n t r o d u c t i o n  

A prev ious  s tudy  (Reference 1) i n v e s t i g a t e d  t h e  
i n f l u e n c e  of s o l a r  g l a r e  on t h e  v i s i b i l i t y  of l u n a r  s u r f a c e  
d e t a i l s  f o r  d e s c e n t  t r a j e c t o r i e s  a g a i n s t  t h e  sun. Tha t  s t u d y  
assumed a t r a j e c t o r y  p r o f i l e  t y p i c a l  of t h e  f i r s t  l u n a r  land-  
i n g  m i s s i o n ,  one i n  which t h e  f l i g h t  p a t h  ang le  i s  r e l a t i v e l y  
sha l low - roughly 15 t o  1 8  degrees .  The ang le  between t h e  
l o c a l  h o r i z o n t a l  and t h e  a s t r o n a u t ' s  l i n e  of s i g h t  t o  t h e  
l and ing  s i t e ,  c a l l e d  t h e  look angle* ,  a l s c  l i es  i n  t h i s  range  
u n t i l  t h e  very  l a s t  p o r t i o n  of t h e  uescen t  when it beg ins  t o  
i n c r e a s e  rap i .6 ly .  

S ince  Reference 1 was pub l i shed  a c l a s s  of s t e e p  
d e s c e n t  t r a j e c t o r i e s  has  been d e f i n e d  and i t s  p r o p e r t i e s  
have been s t u d i e d  (References 2 and 3 ) .  These t r a j e c t o r i e s  
are c h a r a c t e r i z e d  by f l i g h t  pa th  ang le s  and look a n g l e s  around 
45  deg rees .  H iga te ,  i n  t h e  " r e f e r e n c e "  s t e e p  d e s c e n t  t r a j e c -  
t o r y  adopted i n  Reference 2 ,  occu r s  a t  6,833 f t .  raiige and 
6,935 f t .  a l t i t u d e .  The v i s i b i l i t y  phase of t h e  d e s c e n t  
b e g i n s  a t  h i g a t e  as t h e  v e h i c l e  p i t c h e s  up t o  a p o s i t i o n  8-10 
d e g r e e s  back from t h e  v e r t i c a l  and t h e  l and ing  s i t e  comes 
into view. A f t e r  higate i n  this steep descent t r a j e c t o r y  
t h e  l and ing  s i t e  remains i n  view f o r  90  seconds compared t o  
t h e  150 seconds allowed i n  t h e  sha l low d e s c e n t .  

The s t e e p  d e s c e n t  t r a j e c t o r y  i s  e s p e c i a l l y  s u i t a b l e  
f o r  l and ing  mis s ions  t o  t h e  Apollo s c i e n c e  s i tes ,  because  it 
reduces  t h e  p o t e n t i a l  l anding  r a d a r  update  problems t h a t  can 
arise i n  t h e  sha l low d e s c e n t  i f  t h e  approach p a t h  t o  t h e  
l a r d i n g  s i t e  l i es  over  rough t e r r a i n .  I t  has  been sugges t ed  
( e . g . ,  i n  Reference 4 )  t h a t  long-dura t ion  mis s ions  t o  t h e s e  
s i tes  l and  i n  t h e  l u n a r  a f t e rnoon  i n  o r d e r  t o  avoid  h i g h  day- 
t i m e  t empera tu res .  A d d i t i o n a l l y ,  l and ings  i n  t h e  l u n a r  a f t e r -  
noon may p rov ide  a second oppor tun i ty  t o  reach  a g iven  s c i e n c e  
s i t e  i n  t h e  same month approxiinately 1 0  days a f t e r  t h e  morning 
l and ing .  For t h e s e  r easons  it i s  of i n t e r e s t  t o  ex tend  t h e  
f i n a i n g s  of Reference 1 t o  t h e  s t e e p  d e s c e n t  t r a j e c t o r i e s .  

*Sometimes c a l l e d  t h e  viewing ang le .  Refer  t o  F i g u r e  1 
f o r  a d e f i n i t i o n  of t h e  viewing geometry. 
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A n a l y s i s  of  G l a r e  

- 2 -  

The r.ietno2 of a n a l y s i s  employe< irl t h i s  r e p c r t  i s  
t h e  s a m e  as t h a t  of tile n rev icus  s t u d y  an?. r e f e r e n c e  shou ld  
be made t o  it f o r  t i le d e t a i l s  n c t  coveree, here. The re ,  the 
p r i n c i p a l  s o u r c e s  of g l a r e  were i d e n t i f i e e  as a r i s i n g  f r o x  
a i rec t  s o l a r  d a z z l e  f r c n  t h e  sun  i n  t h e  a s t r o n a u t ' s  e y e s  and 
from l i g h t  s c a t t e r e d  by any f i l m s  o r  p a r t i c l e s  Ciepositee. on 
t h e  LM fo rwarc  windows. The wincow con tamina t ion  would be 
mos t ly  due t o  t h e  LM Rezc t ion  C o n t r o l  Systcm (RCS)  e x h a a s t  
r; lume . 

20th of  t h e s e  g l a r e  mechanisms, d a z z l e  and s c a t t e r ,  
act e x a c t l y  l i k e  obscu r ing  v e i l s  of l i g h t  supe r ixposek  on 
t h e  observed o b j e c t  and t h e  background area.  The c o n t r a s t  
of an  o b j e c t  w i t h  i t s  hackljround i s  normal ly  d e f i n e ?  as  

c =  

in which G i s  t h e  luminance ( b r i g h t n e s s )  of  t h e  t a r g e t  o b j e c t  

an6  B; i s  t h e  luminance of t h e  background. Due to t h e  v e i l  of 

g l a r e  t h i s  c o n t r a s t  i s  reduced t o  CG: 

T 

s 

i n  which B t h e  a d a p t a t i o n  luminance, i s  A ,  

BA = ;37 + 3 + BVS s VD 

3VD beini;  t h e  " e q u i v a l e n t  v e i l i n g  luminanc-:' of t h e  s o l a r  

d a z z l e  and zVs be ing  t h e  scatter lun inance .  

CcrAputing €3 

CR a e f i n e e  above i s  ca l lea  t h e  r e l s t i v e  c o n t r a s t  anC i s  e a u a l  
t o  1 i f  t h e r e  i s  no g l a r e .  

The forrnulae f o r  

and AVs a r e  con ta ined  i n  Reference  1. The r a t i c  
VD 
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R e l a t i v e  Importance of Dazzle and S c a t t e r  

A s  p o i n t e d  o u t  i n  Reference 1, i f  s u n l i g h t  i s  allowed 
t o  s t r i k e  t h e  unpro tec t ed  eye B can be  ve ry  l a r g e  and seri- 
o u s l y  degrade l u n a r  s u r f a c e  v i s i b i l i t y .  Nonethe less ,  t h e  
importance of d a z z l e  a s  a c o n s t r a i n t  on an a c t u a l  miss ion  
shou ld  n o t  be o v e r s t r e s s e d  as i t  can be avoided by a v a r i e t y  
of hardware o r  o p e r a t i o n a l  m o d i f i c a t i o n s .  Undoubtealy t h e  
method b e s t  s u i t e d  t o  ensu re  good v i s i b i l i t y  would be t o  a t t a c h  
a l i g h t w e i g h t  e x t e r n a l  sunshade t o  t h e  LM. An e x t e r n a l  sunshade 
cou ld  n o t  only s h i e l d  t h e  commander's eyes  as could  an i n t e r n a l  
shade  b u t  i t  could a l s o  be mounted t o  b lock  d i r e c t  s u n l i g h t  
from t h e  forward window, thus  a t  once d e a l i n g  w i t h  bo th  d a z z l e  
and s c a t t e r .  An i n t e r n a l  shade would, however, be easier t o  
a d j u s t .  A somewhat less f l e x i b l e  s o l u t i o n  would be  t o  p l an  
f o r  an  approach azimuth some 30° o r  more t o  t h e  l e f t  of t he  
sun v e c t o r  (as seen  by t h e  a s t r o n a u t s )  i n  which case the LM 
forward. beam would b lock  t h e  l i g h t .  I n  any case, even if no 
pre-miss ion  p r o v i s i o n s  w e r e  made a g a i n s t  d a z z l e ,  t he  commander's 
au tomat i c  r e f l e x  would b e  t o  s q u i n t  and a v e r t  h i s  eyes  as much 
as p o s s i b l e .  H e  might  f u r t h e r  employ h i s  E x t r a v e h i c u l a r  Visor  
Assembly a s  a sunshade. Thus, t h e  i m p l i c i t  assumption i n  t h e  
d a z z l e  c a l c u l a t i o n s  t h a t  t h e  eye  i s  completely unpro tec t ed  i s  
q u i t e  c o n s e r v a t i v e .  

VD 

BVS I 
The inagnitude of t h e  o t h e r  component of g l a r e ,  

i s  governed p r i m a r i l y  by t h e  v a l u e  of a parameter  c a l l e d  t h e  
s c a t t e r i n g  c o e f f i c i e n t ,  u, t h e  f r a c t i o n  of t h e  window s u r f a c e  
covered  by s c a t t e r i n g  p a r t i c l e s .  The v a l u e  of a on a l u n a r  
l and ing  mission is nnt known. 0,n. the b a s i s  ~f an expe r imen t  
performed a t  MSC i n  1 9 6 6 ,  i t  w a s  c a l c u l a t e d  (Reference 1) t h a t  
t h e  minimum v a l u e  of u would be about  .5%,  whi le  it w a s  e s t i -  
mated t h a t  t h e  maximum w a s  u n l i k e l y  t o  be more than  1 0 % .  
Ground-based contaminat ion  experiments  of t h i s  t ype  are very  
d i f f i c u l t  t o  correlate w i t h  a c t u a l  i n - f l i g h t  performance, 
however. R e f l e c t i o n  of t h e  RCS e x h a u s t  plume by t h e  vacuum 
chamber w a l l s  du r ing  t h e  MSC tes t  probably  i n c r e a s e d  t h e  window 
contaminat ion ,  wh i l e  l a t e r  exposure t o  humid a i r  du r ing  t h e  
o p t i c a l  measurements probably lowered t h e  con taminan t ' s  
s c a t t e r i n g  power. 

The Apollo 9 miss ion  w a s  t h e  f i r s t  o p p o r t u n i t y  t o  
obse rve  t h e  LM window Contamination a c t u a l l y  occur r ing  i n  t h e  
s p a c e  environment.  I t  i s  ve ry  encouraging t h a t  the a s t r o n a u t s  
n o t i c e d  no ev idence  of any RCS contaminat ion  on t h e  windows 
d u r i n g  the e n t i r e  3 days of LM a c t i v i t i e s ,  which inc luded  a 
LM-active rendezvous and many f i r i n g s  of t h e  RCS eng ines  (Ref- 
e r e n c e  5 ) .  The a s t r o n a u t s  d i d  see a few ur ine /water  c r y s t a l s  
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on t h e  upper docking winuow, b u t  i s o l a t e d  macroscopic c r y s t a l s ,  
u n l e s s  ve ry  numerous, w i l l  n o t  t r o u b l e  t h e  a s t r o n a u t s '  percep-  
t i o n  of l u n a r  s u r f a c e  d e t a i l s .  S ince  even a .5% u l e v e l  would 
have g e n e r a t e d  a s c a t t e r i n g  luminance of almost 1 0 0  f t - L  (as  
b r i g h t  as a p i e c e  of w h i t e  paper under good indoor  i l l u m i n a t i o n )  
a s  f a r  as 25' from t h e  sun ,  t h i s  l e v e l  of  s c a t t e r i n g  o r  even a 
l e v e l  of .l% o r  lower should  have been n o t i c e a b l e  f o r  some 
v e h i c l e  o r i e n t a t i o n .  This  A p o l l o  9 expe r i ence  and t h e  a p p a r e n t l y  
s i m i l a r  r e s u l t s  of Apollo 1 0  should  be borne i n  mind w h i l e  i n t e r -  
p r e t i n g  t h e  f i g u r e s  inc luded  i n  t h i s  r e p o r t .  

G l a r e  C h a r a c t e r i s t i c s  During S t e e p  Descent 

The viewing geometry f o r  t h e  v i s i b i l i t y  phase of t h e  
d e s c e n t  i s  p o r t r a y e d  i n  F igures  1, 2 and 3;  t h e  remaining 
f i g u r e s ,  F i g u r e  4 through Figure  9 ,  i n d i c a t e  t h e  manner i n  
which t h e  r e l a t i v e  c o n t r a s t  and t h e  c o n t r a s t  w i t h  g l a r e  of 
a l o o  s u r f a c e  s l o p e  vary  w i t h  a change i n  t h e  parameters .  
F i g u r e  1 d e f i n e s  t h e  ang le s  used i n  t h i s  s tudy .  F igu res  2 
and 3 show t h e  angu la r  l i m i t s  f o r  which s u n l i g h t  can d i r e c t l y  
s t r i k e  t h e  commander's eye and g e n e r a t e  d a z z l e  (F igu re  2 )  and 
t h e  a n g l e s  f o r  which i t  can  s t r i k e  the p o r t i o n  of t h e  window 
through which he  i s  viewing the  l and ing  s i t e  and thus  g i v e  
rise t o  s c a t t e r  ( F i g u r e  3 ) .  T h e  monocular eye  p o s i t i o n  assumed 
i s  t h e  updated des ign  eye p o s i t i o n  given i n  Reference 5 and i s  
somewhat d i f f e r e n t  f r o m  t h a t  u s e d  i n  Refe rence  1. The f i g u r e s  
are schemat i c  i n  t h a t  they  do n o t  i n d i c a t e  t h e  i n t e r f e r e n c e  of 
t h e  RCS quad I and t h e  f r o n t  f o o t  pad; they  do i n c l u d e  t h e  
s h i e l d i n g  e f f e c t  of t h e  f r o n t  beam and window overhang. 

As shown in the f i g u r e s i  the sun w i l l  be blocked by 
the LM forward b e a m  and a l l  g l a r e  effects  suppressed i f  t h e  
approach azimuth i s  g r e a t e r  than about  20' t o  t h e  l e f t  of t h e  
sun vector as s e e n  by t h e  a s t r o n a u t s  (an  azimuth of 160 '  i n  
t h e  f i g u r e s ) .  R e a l i s t i c a l l y ,  a guard band of a t  least  10" 
shou ld  be  added s i n c e  t h e  a s t r o n a u t s  are b i n o c u l a r ,  no t  monocular, 
and may move t h e i r  heads so t h a t  t h e  minimum azimuth f o r  s h i e l d i n g  
would be abou t  30'. I n  t h e  s t e e p  d e s c e n t  t r a j e c t o r y  ( p i t c h  ang le  
% l o o ) ,  t h e  f i g u r e s  i n d i c a t e  t h e  commander's eyes  w i l l  be  s h i e l d e d  
f r o m  t h e  sun by t h e  LM s t r u c t u r e  whenever t h e  sun i s  m o r e  than  
20' from t h e  forward ho r i zon .  I n  t h e  sha l low d e s c e n t  t r a j e c t o r y ,  
f o r  which t h e  p i t c h  a n g l e  i s  about  40°, t h e  sun i s  n o t  blocked 
f r o m  t h e  eye  u n l e s s  i t  i s  a t  an e l e v a t i o n  above 50' and i s  n o t  
b locked  from t h e  window s u r f a c e  even when a t  t h e  z e n i t h .  

R e l a t i v e  C o n t r a s t  

F i g u r e s  4a and 4b a r e  graphs  of t h e  r e l a t i v e  c o n t r a s t ,  

CR, 
F i g u r e s  1 8 ,  1 9  and 20 of Reference 1. There t h e  f i g u r e s  w e r e  

as a f u n c t i o n  of sun  e l e v a t i o n  and are complementary t o  
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C 

p l o t t e l :  a t  a f i x e d  look angle  f o r  v a r i o u s  azimuths.  H e r e  they  
are p l o t t e d  f o r  one azimuth (180O) f o r  v a r i o u s  look a n g l e s  i n  
o r d e r  t o  i l l u s t r a t e  t h e  advantages of t h e  h i g h  look a n g l e s  of 
t h e  s t e e p  d e s c e n t  t r a j e c t o r y .  F i g u r e  4 a  graphs  t h e  component 
of t h e  r e l a t ive  c o n t r a s t  due t o  d a z z l e  g l a r e  a l o n e ,  CRD, and 

F i g u r e  4b graphs  t h e  component due t o  s c a t t e r  a l o n e ,  CS, a t  
bo th  l o w  ( a  = .5%)  and h igh  ( a  = 1 0 % )  s c a t t e r  l e v e l s .  CR, 

and CE a r e  r e l a t e d  by t h e  equa t ion  cRD 

1 + -  - 1 .  1 -  1 - - -  
cR cRD RS 

A s  t h e  f i g u r e s  i n d i c a t e ,  tzLe look a n g l e  has  a s i g -  
n i f i c a n t  e f f e c t  on t h e  amount of g l a r e  d e g r a d a t i o n ,  a l a r g e r  
look ang le  a t  a g iven  sun  e l e v a t i o n  be ing  b e t t e r  t h a n  a smaller 
a n g l e  because of t h e  g r e a t e r  s e p a r a t i o n  between t h e  l i n e  of 
s i g h t  and t h e  sun v e c t o r .  Thus t h e  s t e e p  d e s c e n t  t r a j e c t o r y  
w i l l  be  much less s e n s i t i v e  t o  g l a r e  t h a n  t h e  sha l low approach. 
For i n s t a n c e ,  even a t  ve ry  h igh  sca t te r  l e v e l s  it can  be seen  
f r o m  F i g u r e  4b t h a t  i n  t h e  s t e e p  d e s c e n t  (look a n g l e  = 45') 
c o n t r a s t  w i l l  be  reduced by h a l f  o r  more (CRs < .5)  f o r  sun 

e l e v a t i o n s  lower than  1 8 O  w h i l e  i n  t h e  sha l low descen t  i t  i s  
re6;ucel: t o  one h a l f  when the sun is  s t i l l  4 2 O  from t h e  ho r i zon .  

C o n t r a s t  w i t h  Gla re  

F i g u r e s  4 2  and 4 b  p resent  t h e  g l a r s  a n a l y s i s  iii i t s  
most g e n e r a l l y  a p p l i c a b l e  format  s i n c e  the  r e l a t i v e  c o n t r a s t  
n e a s u r e s  t h e  d e g r a d a t i o n  of  t he  c o n t r a s t  of anyth ing  on t h e  
l u n a r  s u r f a c e  and can be  a p p l i e d  t o  rock outcrops,  a lbedo  
d i f f e r e n c e s  and shadows a s  we l l  a s  s u r f a c e  s l o p e s .  But t h e  
r e l a t i v e  c o n t r a s t  i s  n o t  d i r e c t l y  u s e f u l  i n  i t s e l f  i n  d e t e r -  
inining t h e  v i s i b i l i t y  of s u r f a c e  d e t a i l s .  With a d e c r e a s e  
i n  forward sun e l e v a t i o n  o r  look ang le  t h e  c o n t r a s t  w i t h o u t  
g l a r e  of a s u r f a c e  s l o p e ,  f o r  example, t ends  t o  i n c r e a s e  a t  t h e  
same t i m e  as t h e  r e l a t ive  c o n t r a s t  dec reases  and t h e  r e s u l t  of 
t h i s  i n t e r a c t i o n ,  CG, i s  n o t  ea sy  t o  p r e d i c t .  For t h i s  r eason  

i n  t h e  remaining f i g u r e s  the c o n t r a s t  w i t h  g l a r e  of a l o o  
s u r f a c e  s l o p e  ( roughly  t h e  average s l o p e  of t h e  w a l l  of a 
normal crater)  i s  p l o t t e d  r a t h e r  t han  r e l a t i v e  c o n t r a s t .  I n  
t h e  f i r s t  of t h e s e  f i g u r e s ,  F igure  5a,  CG i s  shown as a f u n c t i o n  

of sun e l e v a t i o n  a t  a r e p r e s e n t a t i v e  p o i n t  i n  t h e  d e s c e n t  t ra -  
j e c t o r y  of Reference 2 ,  j u s t  a f t e r  t h e  end of t h e  p i t c h  t r a n s i e n t  
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and 5 seconds a f t e r  h i g a t e .  Shown are c o n t r a s t  w i t h o u t  g l a r e ,  
C; c o n t r a s t  w i t h  scat ter  g l a r e ,  CGs, a t  t h r e e  s c a t t e r i n g  levels 
( 0  = . 5 % ,  1 .7% and 10%) ; and c o n t r a s t  w i t h  b o t h  sca t te r  and 
d a z z l e ,  CG ( a  = .5% and 1 0 % ) .  The dashed h o r i z o n t a l  l i n e  a t  
a c o n t r a s t  l e v e l  of .07  is t h e  l o w e r  bound of a c c e p t a b l e  con- 
t ras t  f o r  .5O o b s t a c l e  v i s i b i l i t y  t h a t  w a s  assumed i n  Ref- 
e r e n c e  1. 

The c o n t r a s t  levels shown i n  F igu re  5a are g r a t i f y -  
i n g l y  h igh .  Even a t  t h e  h i g h e s t  s c a t t e r i n g  l e v e l  and even if 
t h e  sun s t r i k e s  t h e  commander's eye d i r e c t l y ,  c o n t r a s t  i s  above 
. 0 7  f o r  a l l  sun e l e v a t i o n s  between 7 O  and 57O and i n  g e n e r a l  
is much h i g h e r .  For comparison, a s l o p e  con t r a s t  of .07  c o r r e -  
sponds t o  t h a t  seen  i n  a sha l low dawn l and ing  approach when t h e  
sun  i s  about  1' below t h e  f l i g h t  p a t h .  The comparison i s  some- 
what mis l ead ing ,  however, s i n c e  i n  t h e  a f t e r n o o n  l and ing  t h i s  
c o n t r a s t  l e v e l  i s  e s s e n t i a l l y  uniform over  t h e  e n t i r e  s cene  
and photometr ic  washout does n o t  occur .  When s c a t t e r i n g  i s  
less ( a  = .5%)  and t h e  forward sun e l e v a t i o n  is  20° or lower,  
t h e  s l o p e  c o n t r a s t  (CGs)  is  e q u a l  t o  t h a t  s een  when t h e  sun 
i s  3O-4' below t h e  f l i g h t  pa th  i n  t h e  dawn approach. I n  t h i s  
range  of sun e l e v a t i o n s , c r a t e r  and rock shadows are g e n e r a l l y  
a l so  impor t an t  v i s u a l  c l u e s ;  F igu re  4b i n d i c a t e s  t h a t  shadow 
c o n t r a s t  ( f o r  which CG = CR) w i l l  remain above .5 w i t h  l o w  

s ca t t e r  f o r  sun e l e v a t i o n s  down t o  4 deg rees .*  

I n  order t o  show t h e  l a r g e  improvement i n  c o n t r a s t  
t h a t  t h e  s t e e p  d e s c e n t  t r a j e c t o r y  p r o v i d e s ,  F i g u r e  1 4  of Ref- 
ereiice i has been r ep lo t t ed  ds F i g u r e  5b. it s h o w s  c o n t r a s t  

*To demonst ra te  t h a t  t he  h igh  c o n t r a s t  l e v e l  d i s p l a y e d  
i n  t h e s e  f i g u r e s  i s  t r u l y  a c h a r a c t e r i s t i c  of t h e  t r a j e c t o r y  
r a t h e r  t han  of the p a r t i c u l a r  s c a t t e r i n g  model used,  a curve 
showing t h e  e f f e c t  of i s o t r o p i c  sca t te r  on c o n t r a s t  i s  a lso 
p lo t t ed !  i n  F i g u r e  5a ( u s i n g  t h e  e q u a t i o n  on page 35 of Ref- 
e r e n c e  1). I n  g e n e r a l ,  real p a r t i c l e s  do n o t  s ca t t e r  i s o t r o p -  
i c a l l y ;  ins tead!  they  tend  t o  c o n c e n t r a t e  t h e  s c a t t e r e d  l i g h t  
a long  t h e  d i r e c t i o n  of t h e  i n c i d e n t  beam. I n  a l u n a r  d e s c e n t  
t h e  l i n e  of s i g h t  i s  always w e l l  away from t h e  i n c i d e n t  beam, 
t y p i c a l l y  50' t o  9 0 °  i n  a s t e e p  d e s c e n t ,  so  t h a t  t h e  l i g h t  
s c a t t e r e d  i n  t h e  d i r e c t i o n  of t h e  eye by any r ea l  p a r t i c l e  
w i l l  b e  less t h a n  t h e  i s o t r o p i c  s c a t t e r  a t  t h a t  ang le .  Hence, 
t h e  cu rve  i n  F igu re  5a i s  the  l o w e r  bound on CGs f o r  u = .5%. 

A s  even t h i s  curve  i n d i c a t e s  a c c e p t a b l e  c o n t r a s t  f o r  sun e l eva -  
t i o n s  between 2 O  and 50°, the  good v i s i b i l i t y  found f o r  t h e  
s t e e p  d e s c e n t  i s  n o t  dependent on t h e  n a t u r e  of t h e  s c a t t e r i n g  
model, e s p e c i a l l y  a t  l o w e r  va lues  of u .  
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f o r  sha l low d e s c e n t s .  3 s ~ e c i a l l y  n o t a b l e  i s  t h e  ixFrovexen t  
i n  CGsr  t h a t  i s ,  i n  c o n t r a s t  Cegraded. oxly by s c a t t e r  g l a r e .  
The cu rve  u = .5% i n  t h e  sha l low dlescent and t h e  curve  u = 1 0 %  
i n  t h e  s t e e p  u e s c e n t  a r e  rouy.hly t h e  saxe, a twenty- fo ld  decrease 
i n  s ca t t e r  e f f e c t  f o r  t h e  s t e e p  d e s c e n t .  The r ange  of sun  ele- 
v a t i o n  ana 0 f o r  which c o n t r a s t  i s  z c c e p t a b l e  i s  LLtuch wider  i n  
t h e  s t e e p  d e s c e n t  t h a n  i n  t h e  shallow &scen t .  F u r t h e r ,  due t o  
t h e  smaller  p i t c h  a n s l e  i n  t h e  s t e e p  ciescent t h e  g l a r e  c u t o f f s  
o c c u r  a t  lower sun  e l e v a t i o n s .  ( T h e  c o n t r a s t  jump a t  t h e  lower ,  
i i azz le ,  c u t o f f  any le  i s  very  e v i d e n t ;  s c a t t e r  i s  a l r e a d y  s o  
r educea  a t  t h e  sca t te r  c u t o f f  a n q l e  t h a t  t h e  j w , p  i n  c o n t r a s t  
t h e r e  i s  n o t  appa ren t . )  

If a sun  s h i e l d  i s  eicployed, comparison of cu rve  C 
i n  Ficjures 5a and 5b reveals t h a t  i n  t h e  s h a l l o w  d e s c e n t  s l o p e  
c o n t r a s t  levels are h i g h e r  than s t e e p  d e s c e n t  l e v e l s  above 10' 
sun  e l e v a t i o n .  The improvement i s  s l i g h t ,  however, an6 t h e  
c o n t r a s t s  i n  t h e  s t e e p  descent a g a i n s t  t h e  sun  compare f a v o r a b l y  
w i t h  t h e  levels found for  t h e  sha l low dawn approach.  

Because F i g u r e  5a is drawn f o r  on ly  one p o i n t  i n  t h e  
s t e e p  a e s c e n t  t r a j e c t o r y ,  F igure  6 i s  i n c l u d e d  t c  show t h e  
chznges i n  c o n t r a s t  du r ing  t h e  e n t i r e  d e s c e n t  from h i g a t e  n e a r l y  
t o  t h e  hover  F o i n t .  C o n t r a s t  i s  shown f o r  s e v e r a l  SUR e l eva -  
t i o n s  froin 10' t o  55'. A s  expec ted ,  c o n t r a s t  l e v e l s  holG con- 
s t a n . t  d u r i n g  t h e  e a r l y  p a r t  of t h e  d e s c e n t  and only b e g i n  to 
chanr,.e as t h e  look m g l e  i n c r e a s e s  toward 90'  n e a r  t h e  hover  
p o i n t .  The r e l a t i v e  constancy of t h e  c u r v e s  i n p l i e s  t h a t  t h e  
val-ile z t  h i g a t e  can be  use& as  a f i g u r e  cr rnerit f o r  t h e  e n t i r e  
ciescent.  

The e f f e c t  on c o n t r a s t  of changes i n  look a n g l e ,  
aziInuth, an6 s c a t t e r i n g  level d u r i n 9  t h e  Eescen t  i s  shown i n  
the reinaining F i g u r e s  7 ,  8 an2 9 .  I n  F i g u r e  7 c o n t r a s t  i s  
u i s p l a y e d  as a f u n c t i o n  of look a n g l e  a t  180'  azimuth,  f o r  
low ( 5 ' ) ,  i.iediun (20 ' )  znd h igh  ( 4 0 ' )  sun  e l e v a t i o n s .  For  
each  sun  e l e v a t i o n  a curve  i s  p l o t t e d  showing t h e  e f f e c t  on 
c o n t r a s t  of low s c a t t e r ,  o f  high s ca t t e r  and of b o t h  low 
s c a t t e r  and d a z z l e  t o g e t h e r .  I n  o r d e r  t o  show t h e  r e l a t i o n  
of c o n t r a s t  t o  look a n g l e  c l e a r l y ,  t h e  g l a r e  c u t o f f  Cue t o  t h e  
LM s t r u c t u r e  i s  n o t  i n d i c a t e d  i n  t h e  cu rves .  Thus, i t  should  
be k e p t  i n  mind t h a t  f o r  a p i t c h  c n y l e  of lo', f o r  example, 
t y p i c a l  of t h e  s t e e p  a e s c e n t ,  d a z z l e  i s  b locked  f o r  sun  eleva- 
t i o n s  zbove 1 8 "  and t h e  sca t te r  p l u s  d a z z l e  c u r v e  shou ld  Se 
a i s r e g a r u e d  f o r  t h e  upper  two sun  e l e v a t i o n s  shown. 

Fi \ ;ure  7 enphas i zes  once a g a i n  t h e  g r e a t  i n c r e a s e  
i n  l u n a r  s u r f a c e  c o n t r a s t  t h c t  a s t e e p  d e s c e n t  a f f o r d s  over  
t h e  sha l low d e s c e n t  z t  l o w  t o  r ioderate  sun  e l e v a t i o n s  and hicj-h 
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g l a r e  l e v e l s .  A t  a 5' sun e l e v a t i o n ,  f o r  i n s t a n c e ,  c o n t r a s t  
l e v e l s  i n  t h e  s t e e p  d e s c e n t  a r e  roughly  1 0  tiriles h i g h e r  t h a n  
i n  t h e  sha l low d e s c e n t .  A t  h igh  sun  e l e v a t i o n s  t h e  d i f f e r e n c e  
i s  n o t  as i m p r e s s i v e  - t h e  sha l low d e s c e n t  i s  even m a r g i n a l l y  
b e t t e r  above a b o u t  4 0 °  if t h e  amount of  g l a r e  i s  s m a l l  - bu t -  
t h e  l e v e l  of con t r a s t  i n  t h e  s t e e p  d e s c e n t  r e n a i n s  good. 

The i n f l u e n c e  of azimuth on t h e  leve l  of c o n t r a s t  
i s  inciicateci i n  F i g u r e  8 .  Curves f o r  s e v e r a l  sun e l e v a t i o n s  
are shown, t h e  dashed  p o r t i o n  of  each  i n d i c a t i n g  what  t h e  con- 
t r a s t  would be  w i t h o u t  g l a r e .  The f i g u r e  i s  v e r y  s i m i l a r  i n  
form t o  F i g u r e  1 6  of Reference 1. A s  was a l s o  concluded f o r  
t h e  case of t h e  sha l low d e s c e n t ,  azimuths t o  t h e  r i g h t  of t h e  
sun  v e c t o r  ( g r e a t e r  t h a n  180' )  o f f e r  l i t t l e  advantage  ove r  an 
approach d i r e c t l y  a g a i n s t  t h e  sun.  On t h e  o t h e r  hand, an 
azimuth of  30' t o  t h e  l e f t  p l a c e s  t h e  sun behind  t h e  LM forward 
bean  and, by b l o c k i n g  a l l  g l a r e ,  raises c o n t r a s t  c o n s i d e r a b l y .  
An e x t e r i o r  sunshade on t h e  LM, of  c o u r s e ,  cou ld  p r o v i d e  t h i s  
same p r o t e c t i o n  w i t h o u t  c o n s t r a i n i n g  t h e  azimuth.  

To show t h e  v a r i a t i o n  of c o n t r a s t  w i t h  0 ,  c o n t o u r s  
of c o n s t a n t  c o n t r a s t  are p l o t t e d  i n  F i g u r e  9 a s  a f u n c t i o n  
of s u n  e l e v a t i o n  and s c a t t e r i n g  l eve l .  The s c a t t e r i n g  c o e f f i c i e n t  
u i s  p l o t t e d  l o g a r i t h m i c a l l y  from .l% t o  1 0 % .  Four d i f f e r e n t  
cases a r e  shown: s t e e p  d e s c e n t ,  w i t h  and w i t h o u t  d a z z l e  and 
sha l low d e s c e n t ,  w i t h  and w i t h o u t  d a z z l e .  Lowest c o n t r a s t  
shown i s  .07 ,  which w a s  t aken  ear l ie r  a s  t h e  minimum r e q u i r e d  
t o  d e t e c t  t h e  s n a l l e s t  o b s t a c l e  ( . S o )  of concern a t  any p o i n t  
d u r i n g  t h e  d e s c e n t .  The unshaded area w i t h i n  t h e s e  bounds,  
t h e n ,  d e f i n e s  t h e  r e g i o n  of  accey?table v i s i b i l i t y  f o r  l and ings  

c e n t  t r a j e c t o r y  than  f o r  t h e  sha l low d e s c e n t .  
--J a r r a ; n P t  U I I I . 3  t h e  ~ G E .  I t  is c l e a r l y  ~.uch l a r g e r  fe r  the  s t e e p  des- 

Surrtrnarv 

S t e e p  d e s c e n t  t r a j e c t o r i e s  have t w o  c h a r a c t e r i s  t i c s  
t h a t  e n s u r e  t h e i r  s u p e r i o r i t y  over  sha l low d e s c e n t s  f o r  v i s u a l  
l u n a r  s u r f a c e  i n s p e c t i o n  under g l a r e  c o n d i t i o n s :  a smaller  
p i t c h  a n g l e  and a s t e e p e r  look  a n g l e .  The s m a l l e r  p i t c h  a n g l e  
lowers  t h e  g l a r e  c u t o f f  ang le s  and d e c r e a s e s  t h e  r ange  cf sun  
e l e v a t i o n s  f o r  which g l a r e  i s  a problem. The s t e e p e r  look 
a n g l e  i n c r e a s e s  t h e  s e p a r a t i o n  between t h e  l i n e  of  s i g h t  and 
t h e  sun  v e c t o r ,  t h u s  d imin i sh ing  t h e  s e n s i t i v i t y  of c o n t r a s t  
t o  s ca t t e r  g l a r e  roughly  by a f a c t o r  of  2 0 .  Dazzle g l a r e  i s  
n o t  reduced as much as i s  s c a t t e r  g l a r e  b u t  would p rcbab ly  
n o t  be  a f a c t o r  i n  an a c t u a l  l a n d i n g  mis s ion  s i n c e  i t  c a n - b e  
b locked  by e x t e r i o r  or i n t e r i o r  sunshades o r  cou ld  a t  l e a s t  
be reduced by a s t r o n a u t  a c t i o n  i n  t h e  absence of  o t h e r  means 
Of s h i e l d i n g .  The s u p e r i o r i t y  of t h e  s t e e F  d e s c e n t  d e c r e a s e s  
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w i t h  inc reas in -3  sun e l e v a t i o n ,  and f o r  a ve ry  h i g h  sun  ( % 6 0 ° )  
t h e  sha l low d e s c e n t  rL:ight be m a r g i n a l l y  p r e f e r a b l e ,  a l though  
s u r f a c e  c o n t r a s t  i n  a s t e e p  d e s c e n t  remains a c c e p t z b l e  f r o r l  
7"  t o  5 7 "  sun  e l e v a t i o n  even f o r  v e r y  h i g h  sca t te r  l e v e l s .  
I n  v i e w  of t h e  l a c k  of LM window c o n t a n i n a t i o n  r e p o r t e d  on 
A p o l l o  9 and 1 0 ,  i t  r1ay be  f e a s i b l e  t o  use  a sha l low d e s c e n t  
t r a j e c t o r y  f o r  an  a f t e r n o o n  l u n a r  l and ing ,  e s p e c i a l l y  if 
d a z z l e  g l a r e  i s  b locked .  I f  s ca t t e r  g l a r e  i s  a l s o  b locked  
( p r e f e r a b l y  w i t h  an e x t e r n a l  sunsha&) bo th  t h e  s t e e p  and. t h e  
s h a l l o w  d e s c e n t  p rov iue  e x c e l l e n t  s cene  c o n t r a s t ,  t h e  sha l low 
d e s c e n t  be ing  f r a c t i o n a l l y  s u p e r i o r  a t  sun  e l e v a t i o n s  above 
1 0  desrees. 

2013-RT-srb I?. T r o e s t e r  
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LA - LOOK ANGLE 
PA - PITCH ANGLE 
'A2  - AZIMUTH 
FPA - FLIGHT PATH ANGLE 
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FIGURE 1 - DEFINITION OF DESCENT GEOMETRY 
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